Abstract. Osteopontin (OPN), a secreted acid glycoprotein with a variety of functions, promotes tumor proliferation, differentiation, invasion and metastasis. The aim of the current study was to investigate whether OPN may serve as a potential therapeutic target for human bladder cancer. RNA interference (RNAi) was performed to downregulate the expression of the OPN gene in T24 human bladder cancer cells. The mRNA and protein expression levels of OPN following RNAi were determined using reverse transcription-quantitative polymerase chain reaction and western blot analysis, respectively. In addition, the cell cycle progression, apoptosis and proliferation were investigated using by flow cytometric analysis and MTT assay. The cell invasion ability was measured using a Matrigel transwell assay. The mRNA and protein expression levels of OPN were found to be significantly downregulated following RNAi. The proliferation and invasion of T24 cells were significantly inhibited in vitro. In conclusion, RNAi-targeting OPN may inhibit the proliferation, invasion and tumorigenicity of human bladder cancer cells. Therefore, OPN may serve as a potential therapeutic target for human bladder cancer.
Introduction
Bladder cancer is a common malignant tumors of the urinary system. In 2005, 63,210 new cases of bladder cancer were identified in America, of which 13,180 succumbed to the disease (1) . With the development of an aging population, bladder cancer incidence is increasing year after year as incidence increases with age. Surgery is the main treatment method for bladder cancer; however, the 5-year average survival period remains poor (2) . A previous study has demonstrated that the most important prognostic factors of bladder cancer include the pathological grading and staging (3) . Long-term survival may be achieved through early detection and treatment. With the elucidation of the molecular biology of bladder cancer, gene therapy represents a novel method for the adjuvant treatment of the disease. Osteopontin (OPN) is a secreted acid glycoprotein with a variety of functions. OPN was initially isolated from the bone matrix and subsequently found in the tissues or cells of the placenta, decidua, smooth muscle and macrophages, as well as in various body fluids. In addition, OPN is an important component of the extracellular matrix. Previous studies have demonstrated that OPN is expressed in various tumor tissues and promotes tumor proliferation, differentiation, invasion and metastasis (4) (5) (6) (7) (8) (9) . A number of studies have shown that shorter survival time and poor prognosis are associated with high levels of OPN (10) (11) (12) (13) , while low plasma levels of OPN in patients are associated with good prognosis (14, 15) .
RNA interference (RNAi) is a process of typical post-transcriptional regulation of gene expression, which is a conservative behavior in biological evolution, with resistance to virus invasion and maintaining the role of genetic stability (16, 17, 18) . RNAi is induced by double-stranded RNA (dsRNA) gene silencing (18) . When dsRNA is transported into cells, mRNA degrades due to the homologous sequences of dsRNA, thereby inhibiting the expression of the gene and resulting in the silencing of the gene expression (18, 19) . In the present study, RNAi was used to reduce the expression of OPN in T24 human bladder carcinoma cells in order to investigate the effect of OPN expression on the biological behavior of T24 cells.
Materials and methods
Reagents. α-Minimum essential medium (α-MEM), fetal bovine serum (FBS), penicillin/streptomycin and TRIzol ® reagent were purchased from Gibco Life Technologies (Rockville, MD, USA). Rabbit anti-human monoclonal antibodies against total caspase-3, caspase-8, caspase-9 and p53 (1:1,000) were purchased from Cell Signaling Technology, Inc. (Beverly, MA, USA), while rabbit anti-human monoclonal antibodies against OPN and β-actin (1:1,000) were purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA Cell transfection. The T24 cells were divided into six-well plates (5x10 4 cells/well) one day prior to the virus infection and cultured at 37˚C in 5% CO 2 humidified air. On the first day of infection, experiments were performed on plasmids containing RNAi lentiviral particles according to the experimental design. Briefly, when cell confluence reached 30%, the culture medium was refreshed. The three lentiviruses were added according to multiplicity of infection (MOI), ten. The three transfection groups were as follows: Empty plasmid group, transfected with an empty lentiviral vector without any sequence; negative control group, transfected with a lentiviral vector containing a negative control RNAi sequence (5'-TTATCGACGTATTGGTAGACG-3'); OPN RNAi group, transfected with a lentivirus containing OPN RNAi sequences. The cells were transfected for 12 h, if there was no clear cytotoxic effect induced within this time-period, the incubation was continued for a further 24 h under identical conditions prior to refreshment of the medium. If there was a significant cytotoxic effect following the initial 12 h incubation, the culture medium was refreshed immediately.
Reverse transcription-quantitative PCR (RT-qPCR) assay for OPN mRNA.
The infection efficiency of OPN-RNAi was detected by RT-qPCR. After transfection for five days, the cells were collected and total RNA was isolated using the TRIzol ® reagent (Invitrogen Life Technologies) and quantified by spectrophotometry (Eppendorf Biospectrometer Basic; Eppendorf, Hamburg, Germany). Following isolation, 2 µg total RNA from each sample was reverse transcribed using the HiFi-MMLV cDNA Kit (Beijing CoWin Biotech Co., Ltd, Beijing, China) according to the manufacturer's instructions. The primer sequences of OPN and GAPDH (Generay Biotech Co. Ltd, Shanghai, China) and the annealing temperatures used in this study are presented in Table I . RT-qPCR was performed using a SYBR® Premix Ex Taq™ kit (Takara Biotechnology Co., Ltd., Dalian, China), according to the manufacturer's instructions. All RT-qPCR reactions were performed on an ABI PRISM 7700 sequence detection system (Applied Biosystems Life Technologies, Grand Island, NY, USA). In each reaction, 1 µl cDNA, 10 µl SYBR ® Premix Ex Taq™ and 0.4 µM forward and reverse primers in a total volume of 20 µl were used. The reaction conditions were set as follows: one cycle at 95˚C for 15 sec, followed by 25 cycles at 95˚C for 5 sec and 60˚C for 30 sec. RT-qPCR was performed in triplicate for each sample. GAPDH was used as an internal control, and all the results were analyzed using the standard 2 −ΔΔCT method, as described previously (20) .
Western blot assay. Total protein of the collected cells was extracted six days post-infection. At the end of the treatment, the cell culture medium was aspirated and the cells were detached in PBS by scraping. The detached cells were centrifuged at 21,000 x g at 4˚C for 15 min and the cell pellets were then lysed in 300 µl radioimmunoprecipitation lysis buffer (Cytobuster protein extraction reagent; P0013; Beyotime Institure of Biotechnology, Shanghai, China) with 25 mM NaF, 1 mM Na 3 VO 4 , and 1X protease inhibitor cocktail [Aprotinin (2 µg/ml), Leupeptin (10 µg/ ml), Pepstain A (1 µg/ml), PMSF (1 mM), EDTA (5 mM), EGTA (1 mM), Na Fluoride (10 mM), Na Orthovanadate (1 mM); Roche Diagnostics, Basel, Switzerland] dissolved in distilled water. Protein concentrations were quantified by spectrophotometry (Eppendorf BioSpectrometer; Eppendorf, Hamburg, Germany). For western blot analysis, equal amounts of protein (50 µl) from each sample were subjected to SDS-PAGE and electrotransferred onto polyvinylidine fluoride (PVDF) membranes (EMD Millipore, Bedford, MA, USA). The membranes were blocked with 5% (w/
). An enhanced chemiluminescence system (Beyotime Institute of Biotechnology) was used to detect immunoreactive protein signals. The protein signals were then exposed to X-ray films for visualization and photographed (Canon IXUS 105; Canon Zhuhai, Inc., Zhuhai, China) and quantified using Image J software version 1.38 (National Institutes of Health, Bethesda, MA, USA). For re-probing, PVDF membranes were stripped with 0.2 M NaOH for 10 min before blocking with an additional primary antibody. The expression levels of the molecules of interest were determined relative to β-actin and each experiment was repeated three times.
MTT assay for the proliferation of T24 cells. When the T24 cell confluence reached 30%, the medium was refreshed and lentiviral transfection of the three groups was performed according to the aforementioned protocol. After 12, 24, 48, 72 or 96 h, MTT (20 mg/ml; Amresco LLC, Solon, OH, USA) was added and incubated for 4 h, followed by addition of 150 µl dimethyl sulfoxide (Sigma-Aldrich, St. Louis, MO, USA). After shaking for 10 min, the absorbance was measured at 570 nm using a microplate reader (Thermo Multiskan MK3; Thermoelectric Electronics Co., Ltd, Shanghai, China).
Flow cytometric analysis for determination of cell cycle progression and apoptosis.
Flow cytometric analysis (FACS Calibur; BD Biosciences, Franklin Lakes, NJ, USA) was used to detect the cell cycle progression and apoptosis. The cells were stained with propidium iodide (PI; KGI Biotechnology Development Co. Ltd., Nanjing, China), followed by detection of the cell cycle progression. The cell suspension was prepared and the degree of apoptosis was detected using an Annexin V-APC kit (Promega, Madison, WI, USA). Briefly, cells were scraped, washed twice with PBS and centrifuged. Cells were incubated in 1X binding buffer containing Annexin V-APC and PI in dark for 15 min. Apoptotic cells were examined using flow cytometry. Each sample was analyzed in triplicate.
Matrigel Transwell assay for cell invasion. Matrigel invasion chambers (Promega) were hydrated for 4 h prior to the initiation of the invasion assay. After transfection for ~72 h, log-phase cells (4x10 4 /ml) cultured in α-MEM without FBS were seeded in the upper chamber of the wells, while the lower chambers were filled with 500 µl complete α-MEM supplemented with 10% FBS. The cells were allowed to migrate for 10 h, followed by the invasion assay. Three fields in the central and surrounding parts of each membrane were randomly selected for counting. The experiments were performed in triplicate and the data were compared with the negative control group.
Enzyme-linked immunosorbent assay (ELISA).
After transfection for ~72 h, the T24 cells were collected for ELISA. The concentrations of matrix metalloproteinase (MMP)-9 and MMP-2 in the cell culture supernatants were quantified using MMP-9 and MMP-2 ELISA kits (R&D Systems, Minneapolis, MN, USA). Each assay was performed five times.
Statistical analysis. SAS 9.0 software (SAS Institute, Inc., Cary, NC, USA) was used for statistical analysis. Western blots were quantified by measuring the relative density of protein bands recognized by a particular antibody using the Image J software. The results are expressed as the mean ± standard deviation. Statistical analysis was conducted with Student's t-test for comparison of two groups and P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of OPN is clearly inhibited by
RNAi. T24 cells were cultured in vitro for 24 h. The positive expression rate of GFP was detected by fluorescence microscopy 48 h after lentiviral infection of T24 cells. The results indicated that the infection efficiency was >90%. The relative mRNA expression levels of OPN were detected by RT-qPCR 5 days after lentiviral infection of T24 cells. The relative protein expression levels of OPN were detected using western blot analysis 6 days subsequent to lentiviral transfection of T24 cells. The results revealed that the OPN expression level in the interference group was significantly lower compared with the negative control and empty plasmid groups (P<0.05; Fig. 1 ).
Effect of OPN-RNAi on the growth of T24 cells. The results
of the MTT assay demonstrated that the growth rate of cell proliferation was gradually reduced in the interference group over 96 h. Cell proliferation was significantly reduced compared with the control groups after 48 h (P<0.05; Fig. 2C ).
Cell cycle analysis by flow cytometry.
The results of the cell cycle analysis revealed that a number cells were blocked in G 1 phase in the interference group (Fig. 2) . A significant difference was observed between the number of cells in the G 1 /S phase in the interference group compared with the negative control and empty plasmid groups (P<0.01). G 2 /M-phase cells in the interference group were significantly less compared with those in the negative control and empty plasmid groups (P<0.05).
Effect of OPN-RNAi on the apoptosis of T24 cells.
Cell apoptosis was found to be significantly increased in the interference group compared with the negative control and empty plasmid group (P<0.05). No significant differences were identified between the apoptosis rates of the negative control and empty plasmid groups (P>0.05), as shown in Fig. 3A . The expression levels of apoptosis proteins were detected by western blot analysis (Fig. 3B) . The results indicated that the expression levels of caspase-3, caspase-8, caspase-9 and p53 increased significantly upon OPN-RNAi treatment, when compared with the empty plasmid and negative control groups.
Impact of OPN-RNAi on invasion of T24 cells.
The number of cells invading through the membrane in the interference group was significantly lower compared with the negative control and empty plasmid groups (P<0.05). The findings indicated a reduced capacity of tumor invasion in the interference group in T24 cells, as shown in Fig. 4 .
Effect of OPN-RNAi on the expression levels of migration relate proteins.
The concentrations of MMP-2 and MMP-9 were measured in the cell culture medium. As expected, OPN-RNAi treatment was found to significantly downregulate the expression of these proteins (Fig. 5) .
Discussion
Osteopontin (OPN) is a secreted acidic glycoprotein with high expression in various tumor tissues (10-13, 21) . Inhibition of the mRNA expression of OPN has been shown to be satisfactory in a number of tumors through RNAi technology (8) . Previous studies have demonstrated that inhibition of OPN receptor expression through RNAi significantly inhibited adhesion, migration and distant metastasis of human breast cancer cells (22, 23 In the present study, OPN RNAi was successfully performed. An effective target was successfully selected and transfected with lentivirus, while the efficiency of lentiviral infection in T24 cells was determined. The lentivirus-mediated RNAi of OPN gene was investigated in T24 cells using MTT, flow cytometric and Transwell assays. Five days after transfecting the T24 cells, the mRNA expression of OPN was found to be significantly reduced (P<0.05) in the interference group compared with the untreated groups. In addition, six days post-transfection, the protein expression of OPN was found to be significantly reduced (P<0.05) in the interference group compared with the untreated groups. MTT assay revealed that the proliferation of T24 cells decreased due to RNAi. Furthermore, cell cycle analysis demonstrated that cell cycle arrest of T24 cells occurred at G 1 /S phase upon OPN gene inhibition. Apoptotic analysis revealed that OPN gene interference in T24 cells resulted in the loss of the anti-apoptotic effect of the gene.
OPN plays an important role in cell migration and invasion processes. In addition, a number of studies have demonstrated that OPN promoted tumor invasion and metastasis and regulated MMP-9 secretion (27) (28) (29) (30) (31) . OPN was shown to combine with integrin αvβ3 and activate NF-κB (nuclear factor-κB) through the PI3K/Akt/IKK (κB kinase inhibitor) signaling pathway, increasing the secretion of urokinase-type plasmi nogen activator A (uPA) and promoting tumor invasion (32, 33) . In the current study, the results demonstrated that OPN gene interference inhibited cell invasion and migration through regulation of the expression levels of MMPs in T24 cells.
In conclusion, the present study verified that recombinant lentiviral vectors carrying the OPN-RNAi sequence can significantly inhibit the proliferation of T24 bladder cancer cells in vitro. RNAi was found to induce apoptosis in T24 cells and reduce invasion in vitro. Therefore, OPN may be a potentially novel target for bladder cancer gene therapy. However, in vitro studies present certain limitations, such as poor targets, safety of the carrier and drug delivery. Therefore, further studies are required prior to the application of the present study in the clinical treatment of bladder cancer. With the development of tumor molecular biology and associated disciplines, as well as the identification of safe and effective vectors, RNAi technology may play an important role in the treatment of bladder cancer.
